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Report No. L2821/22-10 

Item 1.    Overall Design of Sounding Rocket (Model XRV-N-13) 

The preliminary layout of the lightweight tail section with the 
enlarged tail fin is continuing. Hypersonic wind tunnel data for determining 
the most desirable size of the fin are not yet available. The preliminary 
layout (Drawing No. 3-007862) of the entire vehicle is complete except for 
the revised tail fin. Drawings far the propeilant tank assembly No. 3-007663 
have been completed and are ready for release. 

Item 2.    Fabricate and Deliver Two Prototype Sounding Rockets 

A. Production work on the vehicle will be deferred, pending com- 
pletion of the overall design. 

B, Material for the two booster rockets has been received. These 
will be fabricated in time for the tentative delivery date of November 
195U for the boosters. 

Item 3.   Adapt the Model AJli-6 Design for Chemical Pressurization  jjg^-^gy^.^)     

A. Two satisfactory water pumping tests have been completed 
utilizing a graphite nozzle. In the next test acid wij.1 b-s pumped from 
the acid tank and water from the fuel tank. 

B. Mixed {-as temperatures have been approximately 1000 F, with the 
gas transfer line being heated to about 675°F. Tiie highest skin temperature 
recorded was 371°F at the top of the acid tank. 

C. Some difficulty has been encountered in the use of old-style 
aerobee regulators, in that sudden changes in regulated gas pressure (approx- 
imately 50 psi reduction in pressure) have taken place in several pumping 
tests. A design revision which prevents twisting of the regulator spring 
during adjustment is expected to eliminate this difficulty. 

D. Considerable variation in burning rate has been observed with 
AN-2091 solid propeilant. This variation in burning rate appears to b;< 
a function of the amount of oxidizer settling which takes place when the 
grain is cast. A preliminary analysis indicates that there is a relation 
between burning rate and the particular part of the casting from which 
the grain is taken. This would indicate that only the center of the grain 
casting should be used, for example. The variation in burning rates is of 
importance because it affects both the pressure developed within the 
generator case and the duration of burning of the grain. Efforts are being 
made to increase the reproducibility of the solid-propellant grain. 

E. Teats thus far conducted have provided a fairly firm figure for 
the quantity of helium diluent required. The helium tank will be re- 
examined to determine whether a reduction in either the gas pressure or 
volume, with a consequent saving in tank weight, can be permitted. 
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F.   The design of the lightweight gas generator is nearing comple- 
tion. 

Item U.    Test Vehicle Launching, Modified Model RTV-A-la CRTV«N-10b) 
 (a^e! AJ10-2U;    " * C 

A. The test vehicle engine assembly had been successfully fired 
in the vertical position for full duration utilizing RFNA containing 
6.556 NOj, and was ready for shipment. At NRL's request it was held at 
Aerojet until 27 May, when it was shipped to hSPG. 

B. In discussions with the NRL Project Scientist, it was agreed 
to conduct full-duration firings on two chambers utilizing RFNA containing 
22$ NC>2, and that If these tests were satisfactory this acid would be used 
for the flight of the RTV-N-106 vehicle. The use of RPNA with 22% N02 
should increase the expected zenith altitude h  to $ miles. The thrust 
chaiobers are being prepared for testing. 

C. Because of difficulties with the strain gage system,encountered 
by both Aerojet and HRL, it has been agreed to eliminate this instrumenttticn 
and to obtain the data on & subsequent flight. 

Itaa 6.    Drawings 

One set of reproducible drawings of the prototype vehicle will be 
supplied upon completion of the design. 

Item 7.    Thrust-Chamber Design Changes and Static Test-Firings 

A. No static test-firings were made during this period. However, 
continued analysis of already available test data has disclosed a definite 
correlation between thrust-chamber performance and the fuel injection 
temperature — the higher the fuel injection temperature (up to 223°F) the 
better is tne performance of the 32756 Aerobee chamber. Since the only 
obvious effect on the chamber reaction that an increase in fuel injection 
temperature can produce is to decrease the time lag before combustion 
occurs, it appears that at low injection temperature?? a portion of the 
propeilant leaves the chamber not completely combusted* because of insuffi- 
cient reaction time. At 223°F and above reaction appears to be complete 
since a higher injection temperature does not improve the performance 
significantly. The degree of completeness of combustion for any given 
injection temperature has been determined empirically and Xs  plotted in 
Figure 1 as a "propeilant flow rate correction factor," with 1.00 representing 
apparently complete ccmbusticn. 

B. In Figure 2,  which is useful in determining the performance of 
the 32756 Aerobee cltamber, the actual propeilant flow rate is multiplied 
by the correction factor obtained from ^mxre 1, and this product is 
plotted as the abscissa in Figure 2 age. ••„..„ the measured mixture ratio. 
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Thrust, chamber pre&sure, and thrust coefficient are then read as ordinates. 
The accuracy of this correlation is indicated In the last column of Table I, 
which summarizes all test data. Sixty-seven percent of this measured data 
differs from the chart data by 0t$% or less, and only 6% differs by more 
tnan l.OJt. The maximum difference is 1*6%.   When these charts are used in 
conjunction with the "Ugh-" and "low-performance charts" included in the 
previous progress report, the effect of any design change or operating 
condition on the performance of the thrust chambar can be evaluated regard• 
less of differences in thrust, mixture ratio, chamber pressure, or other 
parameters. With these charts, one or two tests are sufficient to determine 
the magnitude of any improvement. This should simplify and expedite the 
thrust chamber development prograc, 

0.   Five thrust chambers which had been damaged in testing were cut 
apart and the cooling passages examined. In four of the chambers, which 
were ''high-performance," the cooling passages were coated with a very thin, 
dense, tightly cdhering. light-brown film. The fifth chamber, which was 
"low-performance," was coated with a black, porous, relatively thick deposit 
which appeared to be carbon. The difference in the character of the deposits 
explains the lower rate of heat transfer in the "low-performance" chamber. 
The reason for the difference in the deposits in the cooling passages of the 
different chambers is being considered. 

D.   The ihin-irailed Type hlO thrust chamber is now undergoing final 
assembly. 

fi.   Complete engine static-firings will be conducted for the pro- 
totype rockets upon completion of fabrication of the units. 

Item 8.   Aspect Control Study 

A. The control systems under consideration have been reviewed in 
the light of the requirements set forth in the letter from NRL dated 1? 
March. One system has been tentatively decided upon and is now undergoing 
intensive study. The controller and compensating device have been designed, 
and the electronic circuits have been laid out. The primary problem remaining 
is to determine the optimum control jet forces, liquations have new been 
developed to determine tnese forces and are being prepared for solution 
on a computeri 

B. In an attempt to evaluate the additional fin area required for 
the proper stability of the Aerobee-Hi vehicle, existing aerodynamic data 
have be*n extrapolated to Uach 8. The reliability, however, is seriously 
questioned, since the highest available test point is Mach U«5e 

General 

The total contract funds expended up to 15 *<ay 195u amounted to $135.. U3U, 
exclusive of fee, Tne balance of the funds remaining, exclusive of fee, 
amounts to $lUU,5U2« 
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